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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the Unites
States Government or any agency thereof.
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Executive Summary

This report summarizes an evaluation performed by Schlumberger Data and Consulting Services
(DCS) and Equitable Production Company (Equitable) regarding the area of reservoir remediation,
characterization, and operations. Several groups of Equitable’s Appalachian Basin wells in West
Virginia (WV) and Kentucky (KY) were used in the study. The objective of this project was to
identify unstimulated and/or ineffectively stimulated reservoirs in stripper wells treated with multi-
stage hydraulic fracture treatments. Multi-stage involves pumping two to four hydraulic treatments
in a well with many low-permeability formations perforated and open to each treatment. Multi-
stage treatments are common in the Appalachian Basin (Fig. 1) and in many low-permeability
wells across the U.S., because multiple sand, shale, and carbonate reservoirs often occur over a
thick, stratigraphic interval. Based on our experience, it is unlikely that all perforated intervals are
treated effectively when performing multi-stage stimulation treatments due to the large gross
interval open in the wellbore.'

Fig. 1 — Appalachian Basin map.
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Using existing data and by collecting new downhole diagnostic data, we determined the extent of
stimulation in a perforated interval in a study well provided by Equitable Production Company
(EPC). The well is located in Pike County, Kentucky. The downhole diagnostic data includes
memory production log (MPL), isolation tests, injection/falloff tests, hydraulic fracture data
analysis, and production data analysis. We determined the interval was ineffectively stimulated
because it was non-productive, but showed good log responses. An injection/falloff test was
performed and showed the perforations were open, the reservoir pressure was low, and there was a
fracture in the zone. A decision was made to restimulate the interval since the pumping equipment
was on-site and it would therefore be a minimal cost. The well was thus restimulated with a
nitrogen treatment since the well was originally completed using nitrogen stimulations. A history
match of post-production indicated that the restimulation probably created a wider fracture with the
same initial length. This slightly improved performance. It is uncertain how long this fracture will
remain open or what width it may retain due to the lack of proppant. Many operators in the
Appalachian Basin have switched to this method as the fluid of choice over the past ten years.

This well was a poor restimulation candidate due to the low reservoir pressure (190 psi) and the
existence of a fracture (100 feet length and .00045 inches wide). The restimulation did increase the
width of the fracture from 0.00045 to 0.00605 inches, but did not increase the length of the
fracture.  The well production improved from too small to measure to 6 Mscf/D, but the
production will continue to decline and the zone has an estimated recovery of 14 MMscf. At an
approximate cost of $30,000 this restimulation was uneconomic.

An evaluation methodology was developed for use by any Appalachian Basin operator to
determine which formations were ineffectively stimulated with past treatments. We anticipate that
this methodology will also be useful for other operators throughout the United States where multi-
stage treatments are pumped.

Ultimately, we believe that this work could result in a paradigm shift for operators. If they
understand that certain formations were not stimulated and/or not effectively stimulated, they will
restimulate these formations in existing stripper wells. This project could result in substantial new
production from stripper wells for Appalachian Basin operators. Given the currently high value of
natural gas (>$4/Mscf), even very low flow rates (5 Mscf/D) resulting from restimulations may be
economic. Operators may also change their field stimulation procedures in new wells to treat all
formations more effectively.

The potential benefit to the Appalachian Basin stripper well community may be significant. We
believe that about 75% of the 66,000 stripper wells in Pennsylvania (PA), WV, and KY were
stimulated with multi-stage treatments. We estimate that 50% of these (about 25,000 stripper
wells) may have restimulation potential, but only half of them (12,500 wells) may be in sound
mechanical condition for restimulation. If the restimulation treatments result in a 5 to 10 Mscf/D
production increases per well, the overall significance to the Appalachian Basin is large. We
estimate a potential impact to the Appalachian Basin of 94 MMscf/D or 34 Bscf/year if all the
mechanically sound stripper wells in PA, WV, and KY were restimulated. This represents a 20%
increase in the current total stripper well gas production level in these 3 states. This could
represent $137 million in new revenue.

While the cost to run a MPL, isolate a zone, perform an injection/falloff test, fracture stimulate the
zone, and analyze the data is dependent on several factors such as size of treatment, depth of well,
equipment requirements, etc. it is estimated that a typical Appalachian operation would cost
$25,000. Assuming an incremental increase of 10 Mscf/D, a royalty of 12.5%, and a gas price of
$4/Mscf it would have a payout time of less than two years.
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Introduction

Most wells in the Appalachian Basin (and throughout the United States) are stimulated with
multiple hydraulic fracture treatments. This is necessary because multiple low permeability
reservoirs often occur across a thick, stratigraphic interval. In the Appalachian Basin, the
formations include the Devonian Shale, the Upper Devonian sands, and the Mississippian sands
and carbonates. It is not uncommon to perform two to four hydraulic fracture treatments over a
gross interval greater than 1,000 ft. The number of perforated intervals is even more extensive
ranging from four to 10 in a typical Appalachian Basin well. This means that several formations
are open at the same time in each of the stimulation treatments.

The problem with current multi-stage practices is the uncertainty in which intervals were
effectively stimulated, Fig. 2. Most operators have several stimulation treatments performed in one
day to reduce the cost per stimulation. It is unknown which perforations accepted the treatment
and the overall fracture geometry. After the treatments, it is rare for an operator to perform any
analysis to determine how many of the formations were stimulated, let alone evaluate the
stimulation effectiveness in the intervals that accepted the treatment.

- Tieziment Thize

| Treaiiment Two

.

Treaitment One

Fig. 2 — Multi-stage treatments can result in uncertain stimulation effectiveness.
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Other problems exist with current multi-stage treatments. Many operators use the ball and baffle
method as a means to isolate each new treatment interval in a multi-stage treatment when pumping
nitrogen-foam and proppant. When they are ready to perform the next treatment a frac ball is
dropped and then pumped downhole usually with the acid to be used on the next stage. This ball
seats on a baffle, present in the casing, and isolates the zone. It is difficult to predict the actual
required displacement due to the compressibility of the foam fluids ahead of the acid and is
suspected that many of the treatments are overdisplaced. To our knowledge in the Appalachian
Basin, it would be rare for an operator to perform a post-fracture test to evaluate the near-wellbore
fracture conductivity after a treatment has been possibly overdisplaced.

Due to low reservoir pressures and concerns of water sensitivity, many wells especially completed
in the Devonian Shale are fractured stimulated using straight nitrogen without proppant or liquids.
These nitrogen-only treatments also result in an uncertain fracture conductivity, fracture half-
length, fracture height, and overall stimulation effectiveness. The industry is uncertain which
intervals are treated when multiple intervals are open during a nitrogen treatment. The resulting
fracture geometry from nitrogen stimulation treatments is one of the largest unknowns in the
industry. Previous GRI research has shown that thin, low viscosity fluids may stay in zone.
Nitrogen is a low viscosity gas; therefore it may indeed stay in zone, and not treat many zones
vertically in the wellbore. If one perforated interval accepts all or most of the treatment, the other
perforated intervals may remain untreated or be ineffectively treated.

Finally, previous industry research has shown that stimulating naturally-fractured, low permeability
formations can result in highly variable hydraulic fracture geometries™. The Appalachian Basin
stripper wells fall into this category since they are completed in naturally-fractured, low
permeability reservoirs. For example, an interval that is very naturally-fractured may take all the
treatment. The perforation scheme and breakdown may also affect where the treatment enters.
Additionally, treatments may not grow vertically for extended distances due to complex natural
fractures, i.e., the growth of hydraulic fracture may stop at lithology changes where natural
fractures terminate’. There is a concern over which intervals accept the treatment and the resulting
hydraulic fracture geometry.

A literature search was initiated to determine what if any studies were done on the above subjects.
Searches were performed on selected terms: multistage fracturing, nitrogen fracturing, field testing,
restimulation, testing. Two hundred sixty + abstracts, reports, or papers were reviewed. Seventy-
seven of the more relevant abstracts, reports, or papers are listed in Appendix A. Twelve of the
records had some bearing on this study and are listed first in Appendix A.

Equitable had previously run over 40 memory production logs. Memory production logs are run on
slick lines with the logging data stored in downhole memory and played back on location after
tools are retrieved from the well. This produces a log equal to that of surface readout with less
equipment and manpower. Table 1 shows the thirty-one memory production logs reviewed to
determine what zones are and are not producing. These were compared to the openhole logs in an
attempt to determine if nonproductive zones should have been productive if effectively stimulated.
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Table 1
Summary of Memory Production Log Analysis Results

Measured Flow Percentage of Gas Production per Zone
Well Name Completion Zones During P/L, Mscf/D | Ravenscliff | Maxton Big Lime Weir Berea Gordon | Upper Shale | Lower Shale

Ritter #348 G/B, BL, Rav 234 11 66 23 (G/B)

Pocahontas/Carnegie #2 LDS, UDS, BL 92 40 20 40
Pardee Land #93 LDS, UDS, B/W, BL 380 12 3 70 10 5
Hinchman #B-2 LDS, B/G, W/BL, Max 120 20 35 0 0 35 10 0
Ritter #235 Rav,Max,G,UDS,LDS 85 80 0 10 0 10
Elk Creek Coal #36 BL,B,UDS,LDS 157 35 35 20 10
Island Creek #D-86 W/BL,UDS/G/B,LDS 275 80 5 0 0 12 3
Elk Creek #42 BL,B,UDS,LDS 203 20 23 37 20
Coal & Crane B-26 BL,B,UDS,LDS 66 20 30 47 3
David Francis Trust #4 BL,B,UDS,LDS 80 0 40 52 8
David Francis Trust #5 BL,B,UDS,LDS 68 20 20 55 5
Thacker Land A-7 BL,W/B,UDS,LDS 80 20 0 0 70 10
Island Creek #D-29 BL,B/UDS,LDS 155 60 10(UDS) * 30
EPC Hall W.D. KF 4427 B/W,B/UDS,LDS 108 15 77 8
EPC John Godsey #1 KF 918 B/UDS,LDS 77 100(UDS) * 0
Gibson E 2KL 1446 BL,B/UDS,LDS 71 20 0 30 50
Harve Johnson KF 4448 BL,B/UDS,LDS 68 18 58 24
W.D. Hall KF 1604 W,B/UDS,LDS 50 15 0 75 10
Rouge Steel #2 B/LDS 89 60 40
Ford Motor 1-094 BL,B/UDS,LDS 190 10 80(UDS) * 10
Smith Carrs Fork 2-1 BL,W/B/UDS,LDS 82 10 0 70(UDS) * 20
Hatcher 4-105 BL,UDS/B,LDS 57 0 50 50
Hatcher 4-060 BL/B,B/UDS,LDS 15 30 65 5
Republic Steel 2-108 Max,B/UDS,LDS Due to large volume of fluid was unable to acquire accurate interpretation

Colony C&C 2-101R BL,B/UDS,LDS 130 10 50(UDS) * 40
Chesapeake Mineral 2-051 BL,B/UDS,LDS 100 0 70(UDS) * 30
Emperor Coal 1-285 BL,B/UDS,LDS 72 55 25(UDS) * 20
Ford Motor 165 B/UDS,LDS 40 80(UDS) * 20
Chesapeake Mineral B-39 BL,B/UDS,LDS 25 80 10(UDS) * 10
Republic Steel #79 B/UDS,LDS 38 60(UDS) * 40
S. Coleman 2-018 Max,BL,B/UDS,LDS 220 25 10 42(UDS) * 23

* In most of the Kentucky wells, the Berea is completed with the Upper Devonian Shale.

LDS - Lower Devonian Shale
UDS — Upper Devonian Shale
G — Gordon

B — Berea

W — Weir

BL - Big Lime
Max — Maxton
Rav — Ravenscliff
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This review resulted in 10 of the 31 wells containing zones that were either not producing or
producing less than the openhole logs would indicate. Thus, these 10 wells are possible candidates
for restimulations as shown in Table 2.

Table 2

Recompletion Candidates

Well Name

Recompletion Zone

Comments

Pocahontas/Carnegie #2

Upper Devonian Shale

Several zones in shale not

Lower Devonian Shale producing

Hinchman B-2 Berea, Weir, Big Lime Zones not producing

Island Creek D-86 Berea Very little production

Thacker Land A-7 Berea Not producing

Gibson E 2KL 1446 Upper Devonian Shale Lower perforations in Upper
Devonian Shale not producing

Harve Johnson KF 4448 Berea Not producing

Smith Carrs Fork 2-1 Weir Not producing

Hatcher 4-105 Big Lime Dolomite zone not producing
after acid treatment

Hatcher 4-060 Big Lime Dolomite zone acidized
producing little gas/oil

Ford Motor 165 Upper Berea Not producing

Most of the wells were stimulated using nitrogen without proppant. Fracture modeling was
performed to determined theoretical fracture width and length. This modeling was performed using
the MFrac™ software by Meyer & Associates, Inc.

A simulation model using SHALGEGAS™ has been built to evaluate what type of nitrogen
injection test can be used to determine if an interval has been fracture stimulated. The model is set
up to simulate both injection/falloff tests and gas production for nitrogen fractures of various
aperture widths.
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Conclusions

Memory production logs are useful in determining the relative amount of gas flowing from
each interval.

Comparison of these production logs versus the openhole log can determine what zones are
producing less than expected.

Modeling of nitrogen fracture treatments indicates very narrow and short fracture lengths,
especially if multiple-fractures are developed.

Simulation using SHALEGAS™ indicates that even the small fracture widths created by
using nitrogen fracturing can be detected using injection/falloff testing.

Field injection/falloff testing will be required to determine if these non-productive, or
lower than expected productive zones, were effectively stimulated.

Most of the wells had fluid levels in or above the Lower Devonian Shale.

This fluid was negatively affecting production as demonstrated by the production increases
in many of the wells after swabbing to remove the fluid.

Quicker, lower cost and more efficient methods to evaluate the effectiveness of stimulation
are needed.
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Recommendations

The following methodology should be used to identify unstimulated or ineffectively stimulated
reservoirs in wells treated with multi-stage hydraulic fracture treatments:

1. Run Memory production logs on wells suspected of having zones unstimulated or ineffectively
stimulated.

2. Evaluate production log and compare to the openhole logs. Estimate porosity-thickness
product for each zone

3. Select underperforming intervals.
4. Isolate interval and perform an injection/falloff test to determine if a fracture exists.

5. History match data with simulator to estimate permeability-thickness product, reservoir
pressure, skin factor or fracture width and fracture length.

6. Forecast production using simulator results.

7. Restimulate zones that can be economically justified.
8. Production test restimulated interval(s).

9. Analyze results.

Even when nitrogen treatments are used, procedures such as swabbing or soaping and then blowing
the well should be performed during a well’s life to remove any fluids above the Lower Devonian
Shale perforations.

Additional studies should be performed to developed quicker, lower cost and more efficient
methods to evaluate the effectiveness of stimulation.
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5.2

5.3

Discussion Of Results
Literature Search

A literature search was performed to determine what if any studies were done on this subject.
Searches were performed on selected terms: multistage fracturing, nitrogen fracturing, field testing,
restimulation, testing. Two hundred sixty * abstracts, reports, or papers were reviewed. Seventy-
seven of the more relevant abstracts, reports, or papers are listed in Appendix A. Twelve of the
records had some bearing on this study.'>**>¢"$*1%1L12 The Jiterature search confirmed that no
previous study had been done for the specific purpose of this report.

Process procedure
To determine if a zone has been stimulated effectively we evaluated the following:
1. Memory production log to determine what zones are actually producing and their rates.

2. Openhole logs to determine which zones should have been productive if stimulated based on
typical evaluation of net pay, porosity, and hydrocarbon saturations.

3. Predicted hydraulic fracture geometry that is depended on treatment.

4. Simulation of injection/falloff test to determine if an actual injection/falloff test would indicate
if a zone had been effectively stimulated or not.

5. Actual injection/falloff test

Memory production logs (MPL) were run to determine the zones that were producing and their
approximate production rates. Openhole logs were evaluated and compared to the MPL. To
determine if a fracture had been created an injection/falloff test would be performed. To evaluate
this injection/falloff test, the relative fracture geometry would need to be known. Since the
majority of the zones were completed using nitrogen fracture stimulation, it was necessary to
model this type of treatment to determine theoretical fracture width and length. Then a simulation
of a nitrogen injection/falloff test was performed using the width and length estimated in the
fracture modeling. Finally an actual injection/falloff test was performed and analyzed in a field test
candidate.

Memory Production Logging

The use of memory production logs to determine the quantity of gas being produced from
perforated intervals appears to perform fairly well. The MPL uses the same downhole tools and
sensors to acquire measurements as a normal production log operation. To configure the MPL, the
internal surface readout telemetry cartridge is simply replaced with a memory module and battery.
The downhole tools are conveyed in the borehole by slickline. Cost savings is due to reduced
manpower (one person can run the unit versus two to three for a normal electric line with surface
readout operation) and the smaller unit is much less likely to need any additional equipment such
as a dozer to get on location. This makes it a fast, easy, and safer operation.

The normal tool string configuration is a battery pack, memory production logging adaptor, casing
collar locator, gamma ray, gradiomanometer, pressure recorder, temperature sensor, and a fullbore
flow meter. The MPL can clearly identify gas, water and/or oil entry points into the wellbore Fig.
3.
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Memory PS Platform measurements clearly identify water
and oil entry points into the wellbore.

M
1:1200
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0 200
(gAPI) Well Sketch
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production

0il and gas

production

Water, oil and gas
prod uction

Fig. 3 — MPL clearly identifies gas, water and/or oil entry into the wellbore.

MPL’s were run in 40 wells with 31 located in southern West Virginia and eastern Kentucky.
Most wells were treated with 2 to 3 Nitrogen treatments. A typical treatment was performed using
600,000 to 800,000 scf of Nitrogen at rates of 60,000 to 80,000 scf/min. Usually a small amount of
HCL acid (250 to 500 gallons) is pumped ahead of the nitrogen treatment to aid in the breakdown
of the perforations. The biggest problem was most wells showed fluid levels in and even above the
lower Devonian Shale perforated zones on the production log with the lower shale producing little
if any in most of these wells. This was true even in the wells that the Berea and Devonian Shale
were completed using only nitrogen fracture stimulation. Most of the wells had their fluid levels
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shot and were subsequently swabbed less than two weeks prior to running the MPL. The
production-logging candidates are shown in the Appendix B.

Of the 31 logs reviewed and correlated with openhole logs, it was determined that 10 of the wells
had recompletion candidate zones. Ninety percent of the wells had fluid (mostly salt water with a
few wells having small amounts of oil with the salt water) above the bottom perforation in the well
Fig. 4. Forty percent had fluid covering the lowest completed formation. The formations that had

potential for recompletion were the Big Lime, Berea, Weir, Upper Devonian Shale, and Lower
Devonian Shale.
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Fig. 4 — MPL showing fluid level in Lower Devonian Shale.

Equitable is in the process of running 33 additional memory production logs. They are running the

logs based on the excellent information obtained in the original 31 MPL’s. These logs will be
evaluated to determine additional recompletion candidates.
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5.4

Fracture Geometry

The Devonian Shale/Berea were typically completed by two-stage nitrogen fracture treatment in
which each stage is perforated in four to ten intervals. To determine the theoretical fracture
geometry for nitrogen fracture treatments two different models were designed using the Mfrac
software. Both models assumed nitrogen fracture stimulations using 600,000 scf of nitrogen at
treatment rates of 60,000 scf/min. The first model assumed that each interval (ten intervals were
selected) was treated and each developed their own fracture. This model indicated frac widths of
0.013 — 0.015 inches with an average fracture length of approximately 55 ft, Fig. 5. The second
model assumed all the intervals were treated, but only one fracture was formed. This model
indicated a fracture width of 0.055 inches with a fracture length of approximately 95 ft, Fig. 6.

Case #1: Width Profile Contours
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Fig. 5 — Multiple fractures created.
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5.5

Case #2: Width Profile Contours
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Fig. 6 — One fracture created.

While it would be very difficult to determine how many fractures are created during a treatment, it
can be reasonably estimated that 2 to 3 fractures may be created, this depends on the existence of
fracture barriers, number of perforations that break down, distance between perforations, nitrogen
injection rate, deviation of the wellbore, angle of hydraulic fracture, etc.

Test Well

Ford Motor #165 was selected by DCS and EPC as a candidate for recompletion based on the
production log and open hole logs. This well was completed in 1997 using a two-stage nitrogen
fracture stimulation without proppant. The first stage was in the Lower Devonian Shale and the
second stage was in the Upper Devonian Shale and Berea. The Lower Devonian Shale was
perforated from 3,973 ft to 4,365 ft for a total of 24 holes. It was then nitrogen fracture stimulated
using 600,000 scf nitrogen at a rate of 60,000 scf/min. 350 gallons of 8.2% HCL-Fe acid was
dumped prior to the treatment to assist in breaking down the perforations. 27 perf balls were
dropped during the treatment and slight ball action (pressure increases) was noted. The Upper
Devonian Shale and Berea was perforated from 3,325 ft to 3,639 ft for a total of 23 holes. It was
stimulated using 850,000 scf nitrogen at 60,000 scf/min. Four hundred gallons of 8.2% HCL-Fe
acid were used. Twenty-six perf balls were dropped and good ball action was noted. The well was
flowed back and had an openflow gas test of 592 Mscf/D.

The well had been producing since completion in 1997 and was producing 39 Mscf/D prior to
running the MPL on April 2, 2001. The well was swabbed five days before the MPL with an initial
fluid level at 4,050 ft. Almost the entire Lower Devonian Shale was covered with water. Six bbls
of salt water were recovered during the swabbing. The production log indicated that the Upper
Berea was not producing, Fig. 7. The openhole logs showed the zone to be 21 ft thick and have
approximately 5% to 6% porosity and had indication of gas inflow on both the temperature and
audio logs.
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Fig. 7 — Ford Motor Company #165 MPL section through Berea.

Injection/Falloff Test Simulation

Part of our study involved a theoretical simulation evaluation to determine if a thin fracture created
during a nitrogen stimulation treatment could be detected using an injection/falloff test using
nitrogen. The simulation model using SHALEGAS™ was calibrated using the test well data. We
assumed an openhole log porosity of 6%, net pay of 21 feet, an estimated original reservoir
pressure of 745 psi and estimated reservoir permeability of 0.01 md. Sensitivities were run to
simulate injection/falloff tests and gas production for various fracture aperture widths of no fracture
(0 inches) up to widths of 0.005 inches. These simulation runs indicated that we would be able to
determine if a fracture had been created if its width was at least 0.0003 inches, Fig. 8. The steep
slope lines on the left side of the plot marked injection is the simulation of the injection phase of
the test assuming a nitrogen injection rate of 1000 scf/min with fracture widths of 0 to 0.10 inches.
The curved lines to the right of the injection phase are the simulated falloff pressure profile after
injection ceases based on the fracture widths stated above. As shown in Fig. 8 the falloff of the
pressure should be much greater as the assumed fracture width (conductivity) is increased.
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Fig. 8 — Simulation of injection/falloff test in Upper Berea.

5.7 Injection/Falloff Test

The testing of Ford Motor Company #165 well was initiated on July 17, 2002. Our plans called for
performing an injection/falloff test with nitrogen to determine if a fracture existed in the Upper
Berea. The well had been producing 30 Mscf/D into the pipeline from the Devonian Shale and
Berea. The well was opened to the atmosphere and a gas test of 59 Mscf/D was taken. As stated
above, the Upper Berea appeared not to be producing as per the memory production log ran on
April 2, 2001.  To perform the injection/falloff test and possible recompletion, tubing with a
retrievable bridge plug and packer were run in the well to isolate the Upper Berea, Fig. 9. Once the
bridge plug and packer were set, a gas test was taken with it being too small to measure. The well
was put back in line overnight. The meter indicated that there was zero gas flow from the Upper
Berea. The well was then shut in over the weekend.
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Ford Motor Company 165
16-195-88353

No tubing currently in well

Proposed thg & pkr setting for4—

| 1338” @35 KB

77, LS, 17# csg @ 2002° KB w/ 200 sx Cl A + 3% CaCl2 + 6% Gel; tailed in w/
60 sx CIA + 3% gel cmt to surface

L TOC @ 2510’ per CBL

Injection falloff testing — pkr @
3310 on 2.

Upper Berea — treated in single treatment described below

Proposed RBP setting @ €

Berea & Upper Shale (3325 - 3639”) - 23 holes - N2 fraced w/ 850,000 scf N2 @

3370’ w/ pressure gauge in sub
Below plug

]/1 60,000 scfm — dropped 26 balls w/ good ball action

Lower Dev Shale (3973 - 4365”) - 24 holes - N2 fraced w/ 600,000 scf @ 60,000 sfm
- dropped 27 balls w/ slight ball action

41/27,1-55,10.5# @ 4461° KB w/ 110 sx 5-4-3 + 12.5# gilsonite,

Fig. 9 — Ford Motor Company #165 prepared for injection/falloff test.

After the approximate 2 1/2 days of shutin, the well had a surface pressure of 80 psi. A pressure
gauge on slick line was run in the tubing just above a seating nipple as shown in Fig. 10. An
injection test was performed by pumping 6,500 scf of nitrogen at an average rate of 970 scf/D.
Final injection pressure at the surface was 549 psi.
seating nipple to isolate the Upper Berea to record the pressure falloff. Pressure was increased to
769 psi on top of the pressure gauge to maintain a seal at the seating nipple. Bottomhole pressures

were recorded during both the injection and falloff tests as shown in Fig. 11.
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Fig. 10 — Ford Motor Company #165 well schematic during injection/falloff test.
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Fig. 11 — FMC #165 injection/falloff test bottomhole pressure.
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5.8

Even though the injection/falloff data indicated a fracture and low reservoir pressure it was decided
to restimulate the Upper Berea. The restimulation was performed by pumping 289 Mscf of
nitrogen at an average rate of 20 Mscf/min rate. Gas test after cleanup was 47 Mscf/D. The well
was put back in line and the Upper Berea produced at gas rates of 19 Mscf/D and 8.4 Msct/D after
one and two days, respectively. The tubing, packer, and bridge plug were pulled from the well.
The well was put back in line and after 30 days it appears that the Upper Berea was producing an
incremental 6 Mscf/D.

History Match of Injection/Falloff Test and Production Data

A history match of the pressure data from the injection/falloff test and of the production data after
the restimulation was performed using SHALEGAS™. SHALEGAS is a versatile three-
dimensional, two-phase, dual-porosity reservoir simulator designed to model flow of gas only, or
gas and water in fractured shales such as the New Albany Shales of the Illinois Basin and Antrim
Shale of the Michigan Basin, as well as other unconventional gas reservoirs. This includes
formations such as the Berea, which is considered an unconventional reservoir due to low
permeability and natural fractures. SHALEGAS numerically models the processes that control the
behavior of these complex natural gas reservoirs: Darcy flow and desorption of gas in the matrix
(in a shale) and Darcy flow of gas and water in the natural fractures. SHALEGAS was designed to
predict the performance of these reservoirs. It can be used to design and analyze injection/falloff
tests and history match reservoir performance.

The Upper Berea is probably a dual-porosity reservoir based on other prior research in Pike
County, Kentucky'?. The primary porosity is a low permeability matrix. Gas is stored in the matrix
porosity. The secondary porosity system in the Berea consists of one or more sets of natural
fractures. These fractures are responsible for the majority of the flow capacity, but only a very
small part of the total pore volume.

The most crucial part of any history match study is the reservoir description. The description
includes an assumed size and shape of the reservoir, which is used to design the simulation grid.
Other data, which must be specified as input data to the simulator, are porosity and permeability of
the matrix and natural fractures, number of orthogonal fracture sets, and fracture spacing.
SHALEGAS allows these properties to be varied throughout the grid system.

The best history match of the injection/falloff test in the Upper Berea in the Ford Motor Company
#165 well (Fig. 12) includes the following:

e Reservoir pressure of 190 psi

e 21 feet of net pay

e Porosity of 5.4%

e Permeability of 0.05 md

e Fracture width of 0.000765 inches during injection
e Fracture width of 0.00045 inches during the falloff
e Hydraulic fracture length of 100 feet

e Conductivity of 0.4 md-ft.
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We did not use a dual porosity model because of the lack of information on the natural fracture
system. A single porosity model adequately reproduces the pressure and rate history.

Simulated and Actual Injection/Falloff
800

RST1: simulated injection

700 RST2: simulated falloff

o Inj_Falloff: Observed Data

500

400

300

Bottomhole Pressure, psia

200

100

o
o
o
o
o
-
-
o
N

Time, hours

Fig. 12 — History match of injection/falloff test.

The above data from the history match of the injection/falloff test was used to history match the
past production for the Upper Berea. As stated above the gas flow test of the Upper Berea after it
was isolated was too small to measure. The production simulation using the history match data
indicates the zone would currently be producing a rate of less than 1 Mscf/D as shown in Fig. 13.

EPC expected the reservoir pressure for the Upper Berea to be approximately 300 psi or the typical
pressure found in wells that have also produced a few years. Since the Upper Berea was found to
be nearly unproductive it could be expected to find reservoir pressure close to the original pressure
of approximately 700 psi. A quick review of surrounding wells show there are three wells within
2000 feet of Ford Motor Co. #165 that each had produced more than 200,000 Mscf. It is possible
that these three wells have depleted the pressure in the Upper Berea, especially in any possible
existing fracture network. Since the history match of the injection/falloff test indicates a very
narrow fracture, this is most likely a natural fracture and could be part of a fracture network.
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Fig.13 — History match of Upper Berea production.

5.9 Re-Stimulation of the Upper Berea

EPC decided to restimulate the Upper Berea using a nitrogen fracture stimulation. 289 Mscf of
nitrogen at an approximate rate of 20,000 scf/min was used. The well was flowed back on a % inch
overnight. Gas test the next morning was 47 Mscf/D. The well was put back in-line. The well
produced 19 Mscf the first day and 8 Mscf the second day. The well was shut in for two days and
had a shut in pressure of 120 psig. The tubing and packer were pulled and the bridge plug was
retrieved. The well was put back on production. The Upper Berea was estimated to be producing
6 Msct/D after 30 days of production.

A best fit history match of the production and pressure buildup after the nitrogen restimulation was
performed Fig. 14. The results are as follows:

e Fracture half length of 100 feet
e Fracture width of 0.00605 inches

e Fracture conductivity of 1,000 md-ft
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Fig. 14 — History Match of Upper Berea After Restimulation

The history match indicated that the restimulation probably created a wider fracture with the same
initial length. This slightly improved performance. It is uncertain how long this fracture will
remain open or what width it may retain due to the lack of proppant.

This well was a poor restimulation candidate due to the low reservoir pressure (190 psi) and the
existence of a fracture (100 feet length and .00045 inches wide). The restimulation did increase the
width of the fracture from 0.00045 to 0.00605 inches, but did not increase the length of the fracture.
The well production improved from too small to measure to 6 Mscf/D, but the production will
continue to decline and the zone has an estimated recovery of 14 MMscf. At an approximate cost
of $30,000 this restimulation was uneconomic.

While the result of FMC #165 was uneconomic, this was due mainly to the low current reservoir
pressure. If the reservoir had a more normal reservoir pressure of 500 psi, the well would have had
production rates more than 5 times higher and an estimated recovery of 65 MMscf. The
restimulation would have been easily economic. It is important that a reasonable estimate of
reservoir pressure be known prior to a restimulation to determine the economics. The minimum
requirement for economic recompletion would be approximately 10 Mscf/D initial production rate
or a reduction of cost below $20,000.

Future research and development should attempt to find quicker and cheaper methods to determine

if zones have bee stimulated effectively. This could include methods to perform very short-term
pressure buildup tests which would assist in determination of current reservoir pressure.
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Production Logging candidates (4/20/01)

Total
Producin | Producti | Producti Cost $$ |Producin
Amount of | Total Fiuid Line gRate |onlog |onLog |Feet (dozer, |g Rate 30 | Water/Oil
Fluid Level fluid found | Recovered pressure | Prod rate while  |determi |determi |fiuid trucking | days Analysis
Shot (feet above (bbls before | after logging | ned ned over rig,  |after Results
- fluid above |Dateof |bottom i Prod. Log |(meter- |Rate [fluid |bottom [Ria TDLTD|prod  |swabbin m Ci/ | Contribution Percentage by Zone as | Comments - drill out baffles, plugs,
# | Wellname AP Completion (-stages: / zones) Goal Estimated Cost | Y/N _|Activity | bottom perf | Swab perf by rig | oil) (psia) _|(mcfd) | date mefd mefd) |level (ft) | perf (ft) | (ft) log] g (mcfd) |deq API) | determined by Prod. Log salt, scale_parraffin, etc.
Ravencliff - 8%; Big Lime - 3%; Middle
DS & shallow zonal contribution for POOH w/ 69 csg/ Weir - 69%; Gordon/Berea/Upper Shale - | Note: Header % was wrong. Leave SN
| |Eastern Gas & Fuel 168 4703905312 | LDS-UDS/G/B-MW-BL-Rav Yes | offset completion design $6000] v |tbg/swab [NA 2/1212001 [ NA o] 32 [s4tg 27 238  19-Feb 135 158] 4445 80 4537/4536 113 15%:; Lower Shale - 5% depth the same.
NA 2/12/2001 | NA 0] 226 |45csg 27
DS & shallow zonal contribution for Upper Weir/Big Lime - 20%; Gordon/Berea
offset completion design (all N2 - 15%; Upper Shale - 27%; Lower Shale -
| 2 | Eastern Gas & Fuel 186 4703905323 | LDS-UDS/G/B-W/BL No | completion) $3500) Y |swab 649  13-Feb 3100 2 74 csg 4 217 84 38% Run thg. Set SN @ 5300
swab 14-Feb 4600 36| 142 csg 7 217
swab 4600 38| 201 csg 47 180
Swab 4100 1 47 csg 7 45| 22Feb 146 220 4928 481 5425/5426 710000
Lower Maxton - 30%; Big Lime - 2%; Weir -
DS & shallow zonal contribution for POOH w/ 142.csg/ 28%; Gordon/Berea - 18%; Upper Shale -
| 3 | Eastern Gas & Fuel 191 4703905330 | LDS-UDS/G/B-W/BL/IMAX Yes | offset completion design $6000] v |t NA 13-Feb|NA o] 155 [103thy 65 321|  19-Feb 291 330| st97 250 | 5540/5501 184 91689 | 4%; Lower Shale - 18% Leave SN depth the same.
POOH W/ 90 csg / 90 |
thg/swab | NA 14-Feb 347 225| 317 |tg 75 240 Losing fluid to perfs while swabbing.
Swab NA 15-Feb | NA 04] 304 85059 75 149 |
Middle Maxion - 48%; Lower Maxton - 2%;
DS & shallow zonal contribution for Big Lime - 10%; Upper Weir - 20%; Blow down well - found pinched.
offset completion design (originally Blow 354 csg/ Gordon/Berea/Upper Shale - 5%; Lower | On 3/17 - well flowing 256 mcfd w/ 284#
| 4 |Briar Mountain 23 4703905341 | LDS-UDS/G/B-UW-BL-MAX Yes |strap tested $6,000] Y |down NA NA NA of 227 |[300thg 62.5| LOON 20-Feb 282 430] 5504 638 6217/6220 256 91866 | Shale - 15% whp - fluid problems.
POOH W/
tog/swab | NA 16-Feb | scattered of Na [e0csg 62.5 207 Leave SN depth the same.
DS & shallow zonal contribution for POOH w/ Big Lime - 20%; Big Injun - 25%, Upper
| 5 |siler 32 4700501521 | LDS-UDS-BI-BL Yes | offset completion design $6.000] v |tbg NA 26-Feb 49 85000 | Devonian - 53%: Lower Devonian - 2% Run single string 1 1/2. Set SN @ 3415
swab 27-Feb | None 033| 47 |20csg 75 50 2-Mar 58 62| 4325 0[4396/4351
swab 28-Feb | None o NA_[NA NA NA
Big Lime - 25%; Upper Weir - 15%; Lower
DS & shallow zonal contribution for POOH w/ 123 csg/ Weir - 5%; Gordon/Berea - 25%; Upper Note- header % was wrong.Set SN @
Carbon Fuel 46 4703905348 | LDS-UDS-G/B-LW-UW-BL Yes | offset completion design $6000] v |tbg NA 15-Feb | NA ol 85 [100tbg 44 131]  20-Feb 83 80| 5300 460 5760/5772 67 Devonian - 25%; Lower Devonian - 5% 4400
POOH w/ 50 osg /
thg/swab | NA 16-Feb | NA 5| 114 [s0tbg 43 97
Big Lime/Lower Maxton - 30%; Weir/Big
DS & shallow zonal contribution for POOH w/ 106 csg / Injun/Squaw - 55%; Berea/Upper Shale -
| 7 | Pocahontas 42 4701900920 | LDS-UDS/B-W/SQ/BI-BL Yes | offset completion design $6.000] v |tbg NA 19-Feb |NA of 40 [e6thg 65 91 40| 116000 13%; Lower Shale - 2% Recovered 2 rabbits from well on day 1.
Swab NA 20-Feb 1980 288| o1 [77csg 70 59 Set SN @ 4200
swab NA 21-Feb 280 25| 66 |73csg 68 66| 26Feb 70 92| 5488 492 6000/6025
Maxton - 40%; Big Lime - 15%, Big Injun -
159%; Weir - 20%; Gordon/Berea - 5%;
DS & shallow zonal contribution for POOH w/ 167 csg / Upper Shale - 5%; Lower Shale - no Well found feeding off casing.Set SN @
| 8 |Jefferey Manufacturing 10 4701900897 | LDS-UDS-G/B-LW/UW-BI-BL-MAX | Yes | offset completion design $6.000] v |tbg NA 19-Feb |NA of 41 |tbgshutin 58 79 43| 143000 contribution. 3400
POOH W/
thg/swab 3650]  20-Feb 2642 185 100 |e8csg 68 85 Losing approx. 75% of swab load to perfs.
LTD varies significantly from service rig
TD because tools were left in the hole and
swab 3900  21-Feb 2292 65| 78 |[e6csg 65 47| 22-Fep 68 118| 3918|  2374|e174/6100 loggers were instructed to stay off bottom
DS & shallow zonal contribution for “Clean out s 1514-32 - well kicked off -
| 9 |Eastern Gas & Fuel 152 4703905261 | LIUDS-G/B-W/BL/MAX No__|offset completion design $6.000| v NA NA NA 04] 245* |[360csg 33 375 706 recover frac ball - flow to clean up.
“Abandon exercise - no swabbing done -
NA NA NA of 361t [200csg 32 425 remove from production log candidate list.
DS & shallow zonal contribution for Big Lime - 23%; Berea - 30%; Upper Shale | Fluid recovery est. 50% oil. Did not tag
10 | Wood 9 4700501712 | LDS/UDS/B/BL No__|offset completion design $6,000] Y |swab 813|  22-Feb 499 85| 55 |[28csg 20 49 2-Mar 38 62| 4890 58| 500015059 37 - 44%; Lower Shale - 3%. TD - just cleared bottom perf.
Zonal contribution with comparison POOH w/ 73 tbg
| 2 [Ritter 348 4710901945 | G/B-BL-Rav Yes | of frac tracer survey $6000] N |tbg NA 9-Mar | NA ol 175 |73csg 33|NA 215 46021
Well dry - tubing will not be run back in
after logging - salvage for use elsewhere
POOH w/ Ravencliff - 11%; Big Lime - 66%; Large discrepancy between metered flow
thg swab_[NA 12-Mar 0 of 194 [30csg 30 156|  16-Mar 234 500 0 0]3800/3781 Gordon/Berea - 23% and log determined flow.
DS-Rhinestreet contirbution for
| 3 | Pocahontas/Camegie 2 4705901386 | LDS-UDS-BL No | offset development $3500) Y |swab NA 2-Mar 1255 20| 88 [25csg 7 63 8-Mar 9% 92| 5110 45| 5150/5164 % Big Lime - 40%; Upper Shale - 20%; Lower Shale - 40%
swab NA 5-Mar | NA 05| 99 [30csg 9[NA
Well was shut in prior (o production
logging due to curtailment with CNG; well
was vented for 1 hr to bring flowing
DS & shallow zonal contribution for Big Lime - 12%; Berea/Weir - 73%; Upper | pressure down to line pressure - may
4 | Pardee 93 4704501280 | LDS-UDS-BW-BL No__|offset completion design $3500) Y |swab 674 1-Mar 1134 28| 54 % 32|NA 7-Mar 380 380| 5004 787 | 6757/6748 94 Shale - 10%; Lower Shale - 5% or less. have brought fluid in during blow down.
| Prod. Rate after swabbing after 1 hr - stil
swab NA 2-Mar 0 o] 110 89 38 89 increasing.
|
DS & shallow zonal contribution for
| 5 | Hinchman B-2 4704501330 | LDS-B/G-W/BL-MAX Yes | offset completion design $6,000) Y |swab NA 5-Mar 1886 15 74 |NA 15| NA 13-Mar 115 120] 4911 430 | 5350/5425 105 66892 | Middle Maxton - 20%; Weir/Big Lime - 35%:; Gordon/Berea - 35%; Lower Shale - 10%
swab NA 6-Mar 1341 75| 82 |430sg T7[NA |
swab NA 7-Mar | NA 5[ 84 [NA 15[ NA |
DS-siltstone & shallow zonal KO Frac Discrepency between service rig 1D &
contribution for offset completion Plug & Big Lime - 35%; Berea - 35%; Upper Shale |loggers TD (82). KO'd frac plug, baffle
| 6 |Elk Creek 36 4705901308 | LDS-UDS-B-BL No__|design $3500) Y |baffle 0 2-Mar |NA o] 9 95 95|NA 8-Mar 103 157) 4928 512 5490/5408 121 - 20%; Lower Shale - 10% and cleaned out to 5490'.
KO baffle
&sdpmp [NA 3-Mar | NA o] 95 95|NA
Sdpmp &
swab NA 4-Mar[NA 16] 93 95 95|NA




DS-siltstone & shallow zonal
contribution for offset completion

Big Lime - 20%; Berea - 23%; Upper Shale

TD reached with PL tool was significantly

7 | Elk Creek 42 4704501367 | LDS-UDS-B-BL No__|design $3,500 swab 511 5-Mar 2685 12| 103 [nA 24|NA 13-Mar 176 203| 5478 407 | 5904/5736 158 - 37%; Lower Shale 20% shallower (268') than rig TD.
swab 6-Mar | NA 12| 144 |50csg 20[NA
POOH W/ 1 deep Ravencliff - 80%; Lower Maxion - 0%;
DS-zonal contribution for offset dual 86 |44 deep Gordon - 10%; Upper Shale - 0%; Lower | Sand pumped 10" of fillup out of well
8 |Ritter 235 4710901078 | RAV-G-DS (can't find file) Yes | completion design $9,000 stings [NA 13-Mar | NA 0] shallow |40 shallow 40{nA 20-Mar 72 85| 872 270 6195/6159 73860 | Shale - 10% 6185-6195'
POOH W/
dual
strings /
swab NA 14-Mar 0 0] 121 total {NA 50| NA
DS-Rninestreet & shallow zonal
contribution for offset completion
9 |Island Creek D' 86 4704501274 | DS-BL No__|design $3,500 swab 82| 26-Feb 623 103 284 |80csg 725 301 261
swab 27-Feb |NA 5| 301 [80csg 725|NA 5-Mar 283 215 284 23|4414/4413 Weir/Big Lime - 85%; Upper Shale/Gordon/Berea - 12%; Lower Shale - 3%
Rerun single string of tubing; set SN @
DS & shallow zonal contribution for POOH w/ Big Lime - 60%; Berea/Upper Shale - 10%; | 4400' - Rhinestreet is contributing 10% of
10 |Island Creek 'D' 29 4704501156 | LH-G-B Yes | offset completion design $9,000 tbg NA 27-Feb|NA o] 35 33 12 84.5 7-Mar [NA 155|  4de4 34|4527/4519 110 75680 | Lower Shale - 20%; Rhinestreet - 10% flow.
POOH w/ Need additional Well Info from D8C
thg/swab [ NA 28-Feb 498 12| NA [NA NA NA personnel
swab NA T-Mar [ NA o NA [NA 14| NA
DS & shallow zonal contribution for POOH W/
11 | Cole & Crane B26 4704501285 | DS-B-BL No__|offset completion design $3,500 thg 317 26-Feb[nA o] NA [na NA NA 5-Mar 48 66| 4520 194 | 475014718 55 Big Lime - 20%; Berea/Sunbury Sh - 30%; Upper Shale - 47%; Lower Shale - 3%
swab 27-Feb 824 18] 35 |330sg 12| NA
swab 28-Feb 0 o 84 [NA T7[NA |
DS-Rninestreet & shallow zonal
contribution for offset completion
12 | Thacker A-7 4705901273 | DS-BL(can't ind file No__|design $3,500 swab 821 8-Mar 610 9] 36 [na 5 72|  15-Mar 75 80| 5021 8951205117 61 Big Lime - 20%; Weir/Berea - 0%: Upper Shale - 70%; Lower Shale - 10%
swab NA 9-Mar 0 o 75 |NA 5 ot
Found meter reading with a negative
Big Lime - 40%; Upper Shale - 52%; Lower |differential - contact Kinzer for repar.
13 | David Francis Trust 4* 4705901316 | LDS-UDS-B No | DS comparison - Rhinestreet $3,500 swab 205 12-Mar[NnA 6| nNa 70 70| NA 16-Mar 74 80| 4264 30| 433014330 69 44475 | Shale - 8% Follow-up with Kinzer for adjustments.
swab 13-Mar 0 o 81 70 61| NA
14 | David Francis Trust 5* 4705901317 | DS-B-BL No | DS comparison - Rhinestreet $3,500 swab 227]  10-Mar 727 12| 7 70 70 85  15-Mar 75 68| 4076 51]4156/4151 71 55395 | Big Lime - 20%: Berea - 20%: Lower Shale - 60%
Test area for new 2001 drilling
(Rhinestreet contribution) - well
15 | Pardee Land 89 4700501612 | BL/BE/DS/RH Yes | makes 2 BW/mo $6,000
BIWE/BE - N2 gas fraced - 1
stage BIWE/BE; also CO2 fraced
16 | Southern Land 32 4700501683 | MX/BLWE/BE/DS Yes | SH; 1BW/mo $6,000
Rhinestreet Contribution - Dual
17 | A.H. Cole B-16 4704501173 | BL/BE/DS Yes | 1.9" strings of tubing $9,000
18 | Pocahontas/Camegie #1 4705901384 | BL/BE/GD/DS/RH No__| Rhinestreet Contribution $4,000
Rhinestreet Contribution - Dual
19 |Isand Creek D55 4705901169 | BL/BE/GD/DS/RH Yes | 1.9 strings of tubin $9,000
Rhinestreet Contribution - Dual
20 | Isand Creek D23 4705901149 | BL/BE/GD/DS/RH Yes | 1.9" strings of tubin, $9,000
swab NA 12-Mar 0 o 19 75 73| NA
Evaluate zonal contribution -
especially Weir for use on future POOH w/
1_|vp-4018 LDS-UDS-WE-BL Yes | wells $6,000 tbg / swab [ NA 14-Mar 592 6 19-Mar 61 65| 3868 122 dd/4067 95 Big Lime - 20%; Weir - 10%; Cleveland Shale - 50%; Lower Huron - 20%
Evaluate zonal contribution -
especially Weir for use on future
2 |vpP4023 LDS-UDS-WE-BL Yes | wells. $6,000 19-Mar 110 114] 3428 216 | da/3720 93 Big Lime - 78%; Weir - 5%; Cleveland Shale - 14%; Lower Huron - 3%
Coffee Shale was completed -
1_| EPC (Anthony Frashure TR) 2 KF4128 Coffe-US-LS (2 stage) No__|evaluate for contribution $3,500 Swab NA 4/3/2001]-1" 1 wir 132 a7 47{NnA 4/6/2001 192 70|  314s|a 3193 /3208 32385 | Berea/Upper Shale 5%, Lower Shale 45%
Underperforming well - eval for
zonal contribution.  Identify
2 |KF1611 US-LS (2 stage No__|problem zones. $3,500 Swab NA 3/2912001 | -5' 3wir 16 45 45[NA 4/3/2001 16 27| 348446 3558 / 3553 72420 | BerealUpper Shale 50%, Lower Shale 50%
|
Underperforming well - eval for
zonal contribution. Identify
problem zones. BL thief zone?
Info important for offset
3 |KLa3%0 BL-US-LS (3 stage) No__|development - BL or no BL? $3,500 Swab NA 3/29/2001 [ 531" 10 wtr /15 ol 4 7 7|NA 3/30/2001 27 38| 18s0f3st' 2203/ 2292 34.1] Big Lime 10%, Berea/Upper Shale 10%, Lower Shale 80%
Eval zonal contribution for future
4 |6644 DD US-LS (3 stage) No__|wels $3,500 Swab NA 3/29/2001 | 480" 2 oil 19 30 30|NA 4/412001 19 23| 26161 2650 / 2654 25| Berea/Upper Shale 10%, Lower Shale 90%
I
6 offsets planned in 2001 - zonal
Rouge Steel 2 1619586628 | Be-US-LS No__| contribution definition $3,500 Swab 324' 12/5/00 | 3/28/2001 | 432" 4.8 wir 118 36 36|NA 41212001 68 89| 5392 8404288 / 4252 32988 | BerealUpper Shale 60%, Lower Shale 40%
2 offsets planned in 2001 - zonal Big Lime 10%, Berea/Upper Shale 80%,
Ford Motor Co. 1-094 1619590712 | BL-Clev-LowHur No__| contribution definition $3,500 Swab NA 3/27/2001 | 526" 14.3 il 156 42 42[NA 3/30/2001 184 190|  4320|704' 5133 /5118 35.8 | Lower Shale 10% May need thg.
7 offsets planned in 2001 - zonal 325w/
7_| Smith-Carrs Fork Unit #2-1 1611989884 | BL-Clev-LowHur No ion definition $3,500 Swab NA 4/2/2001 3.25 oll 37 45 45{NnA 4/9/2001 67 82|  3345[313 3665/ 3678 58,574 Big Lime10%, Upper Shale/Berea 70%, Lower Shale 20%




TOTAL COST ESTIMATE OF
PRODUCTION LOGGING

$258,500

[
3 offsets planned in 2001 - zonal Big Lime 0%, Upper Shale/Berea 50%,
8 | Hatcher 4-105 1607191663 | BL-Clev-LowHur Yes | contribution definition $6,000 MIRU NA 3/14/2001 48.3 25 25|NA 3/22/2001 55 57| 3202 393450/ 3446 | 6393 62 40 [ Lower Shale 50% Tbg re-ran w/ SN at original depth.
TOOH witbg; swb 3/15/2001 | 125" 6 oil
T offset planned in 2001 - zonal TIwtr/ 96 Big Lime/Borden 30%, Berea/Upper Shale
9_| Hatcher 4-060 1619590909 | BI/We-Clev-LowHur No__| contribution definition $3,500 Swb NA 3/21/2001 | 600" il 16 30 30|NA 3/26/2001 15 15| 2704 4903210/ 3209 35.5| 65%, Lower Shale 5% May need thg.
Due (o large volume of fiuid in hole, an
accurate interpretation cannot be made.
4 offsets planned in 2001 - zonal Substantial flow exists from MX & UDS | Found dump valve stuck open prior to
10 | Republic Steel 2-108 1619591756 | Mx-BL-Clev-LowHur No__| contribution definition $3,500 DiFP__ |NA 3/1212001 98.2 45 45[NA 3/22/2001 132 - 4150/4148 | 6244 119 53455 | 3300-3320' Iof loaded w/ gas cut fluid
Dri FP 3/13/2001
Run tbg w/ SN @ 4020' - under original
Swb 3/1412001 | 2323 32.1 wir AFE.
5 offsets planned in 2001 - zonal
11 | Colony Coal & Coke 2-101R 1619590679 | BL-Clev-LowHur No__| contribution definition $3,500 Swb NA 3/22/2001 | 150" 5.3 wir 86 77 77|NA 3/27/2001 114 130| 5051 91]5189/5178 74551 Big Lime 10%, Berea/Upper Shale 50%, Lower Shale 40%
NG offsets planned in 2001 - zonal
12 | EPC (Hall, WD) KF 4427 1611991010 | We-Clev-LowHur No__| contribution definition $3,500 Swab NA 3/30/2001 [ 104" 42| 46 40 40{NnA 4/412001 79 108| 2843 169 3068 / 3084 58226 | Borden/Weir 15%, Berea/Upper Shale 77%, Lower Shale 8%
|
2 offsets planned in 2001 - zonal
13 | Chesapeake Min. 2-051 1619591303 | BL-Clev-LowHur No__| contribution definition $3,500 Swb NA 3/21/2001 | 250" 9.5 wir 76 41 41{nA 3/27/2001 70 100| 4253 239 | 4489 1 4537 86991 | Big Lime 0%, Berea/Upper Shale 70%, Lower Shale 30%
|
2 offsets planned in 2001 - zonal
14 | Emperor Coal 1-285 1619590986 | BL-Clev-LowHur No__| contribution definition $3,500 Swab 70'2-21-01_| 3/28/2001 | 70 1.8 wir 57 38 38| NA 4/2/2001 57 72| 4400 70 4546 / 4529 50359 | Big Lime 55%, Berea/Upper Shale 25%, Lower Shale 20%
|
F offsets planned in 2001 - zonal
15 | Ford Motor Co. A-165 1619588353 | Be-Clev-LowHur No__| contribution definition $3,500 Swab NA 3/28/2001 1 @ 4050°_| 6 wir 39 40 40{nA 4/212001 39 40| 4222 1434398 / 4386 58658 | BerealUpper Shale 80%, Lower Shale 20%
| |
No offsets planned in 2001 - zonal
16 | KF 4300 JJ Kendrick 1619591330 | We-Clev-LowHur No__| contribution definition $3,500 Swab NA 4/3/2001| 546 10 ol 61 50 50| NA 4/6/2001 127 62| 4245 67[4189/ 4216 50312 | Weir 15%, Berea/Upper Shale 45%. Lower Shale 40%
No offsets planned in 2001 - zonal TOOH Maxton 25%, Big Lime 10%, Berea/Upper
17 | Solvay-Coleman 2-018 1619591342 | Mx-BL-Clev-LowHur Yes | contribution definition $6,000 witbg NA 3/20/2001 1293 37 37|NA 3/30/2001 168 220| 3530 5890|4125 /4130 | 9093 68179 | Shale 42%, Lower Shale 23% Re-ran tbg w/ SN at original depth
TOOH witbg; swb 3/21/2001 [ 219" 4.8 wir
6 offsets planned in 2001 - zonal TOOH SS175 Interpretation s very difficult due to low | Re-run single string of 2 3/8" tbg w/ SN @
18 | Chesapeake Mineral B-39 1619582086 | US-LS Yes | contribution definition $6,000 witbg NA 3/16/2001 DS 33.4 28 28|NA 3/26/2001 il 25| 4114 129)4249/4318 | 7568 40.4 | volume & fluid falling on spinner. 4150'. AFE approved.
TOOH witbg 3/19/2001
Swb 3/2012001 [ 125" 2.4 wtr /24 ol
5 offsets planned in 2001 - zonal
19 | Republic Steel Corp. 79 1619579791 | Us-Ls No__| contribution definition $3,500 Swb NA 3/22/2001 | 150" 2.4 wir 14 35 35|NA 4/3/2001 22 38| 4222 444289 /4280 74204 | Berea/Upper Shale 60%. Lower Shale 40%
I
2 offsets planned in 2001 - zonal
20 | EPC (John Godsey #1) KF 918 | 1619390840 | Clev-LowHur No__| contribution definition $3,500 Swab NA 4/3/2001|315' 3.5 wir 105 70 70|NA 4/5/2001 76 77| 3680 135 3799 / 3817 53514 | Berea/Upper Shale 100%, Lower Shale 0%
I
3 offsets planned in 2001 - zonal
21 | Gibson E. 2 KL 1446 1611990836 | BL-Clev-LowHur No__| contribution definition $3,500 Swab NA 4/2/2001] 148 3ail 60 20 20{nA 4/5/2001 64 71| 2454 442518/ 2525 47002 | Berea/Upper Shale 30%, Lower Shale 50% | 3 perfs covered widebris.
I
3 offsets planned in 2001 - zonal Big Lime 18%, Berea/Upper Shale 58%,
22 | KF 4448 (Harve Johnson) 1607191151 | BL-Clev-LowHur No__| contribution definition $3,500 Swab NA 4/3/2001 | 474 10 il 39 45 45{NA 4/6/2001 65 68| 3655 2193903 / 3905 54791 | Lower Shale 24% May need thg.
I
0 offsets planned in 2001 - zonal
23 | KF 1604 (W.D. Hall) 1611991031 No__| contribution definition $3,500 Swab NA 3/30/2001 [ 323" 16 wir 33 73 73|NA 4/412001 38 50| 2024 299 | 3248 / 3256 36.5| Weir 15%, Berea/Upper Shale 75%, Lower Shale 10%
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